The limits and relationships of serranid and percid fishes, in the context of the percomorph radiation, were resolved using 4036 aligned base pairs of mitochondrial and nuclear DNA sequence data for 180 acanthomorph species. Representatives of all major serranid and percid lineages were analyzed along with 91 additional families from six acanthomorph orders and 25 suborders. Percidae was recovered as monophyletic, and the traditional Serranidae was recovered as polyphyletic, forming five clades: Niphon, Acanthistius, Epinephelinae (less Niphon), Anthiinae (less Acanthistius and Zalanthias kelloggi [formerly included in Plectranthias]), Serraninae (including Zalanthias kelloggi). These traditional ''percoid'' families were separated from all other ''percoid'' taxa and recovered within a clade composed of the mailcheeked fishes and their allies. Based on the evidence provided in this molecular study and prior morphological studies, we recommend taxonomic changes to the Perciformes, Percoidei, Trachinoidei, and Serranidae, we resurrect the Epinephelidae and Niphonidae, and we create a new group, the Moronoidei, to reflect our recovered relationships.
T HE hallmark of percomorph systematics, particularly within the species-rich Percoidei, is a large number of families that typically have some evidence of their monophyly, but little or no evidence for their interrelationships. It is for this reason that Gary Nelson (1989) described the vast percomorph assemblage as the unresolved bush at the top of the teleostean tree. Clearly, the situation is not as dire as a completely unresolved bush because numerous clades have been identified and diagnosed. Unfortunately, recent studies have also demonstrated that several of these traditional percomorph assemblages are para-or polyphyletic (e.g., Gasterosteiformes, Perciformes, Scorpaeniformes; Imamura and Yabe, 2002; Miya et al., 2003; Smith and Wheeler, 2006) .
As noted by Stiassny et al. (2004) , the morphological revival in teleostean systematics was brought on by the nearly simultaneous development of phylogenetic systematics, improvements in skeletal preparations, and the publication of the revised classification of teleosts by Greenwood et al. (1966) . A comparison between the classifications and supporting evidence presented in Greenwood et al. (1966) and Nelson (2006) will illustrate the advances that morphological studies have made toward the resolution of teleostean relationships, but they will also highlight the limited progress that has been made on the intrarelationships of Percomorpha.
As discussed by Miya et al. (2003) , molecular studies have also been slow to provide significant insights into the higher-level relationships of teleosts. This slow progress may be due, in part, to inadequate taxon sampling. Fortunately, recent technological improvements in DNA sequencing technology and the increased availability of tissue samples now allow for the examination of sufficient numbers of taxa to explore ordinal and subordinal relationships, which can then be compared (Near et al., 2004; Smith and Wheeler, 2004; Holcroft, 2005) or combined (Tang et al., 1999; Lovejoy, 2000; Sparks and Smith, 2004a) with explicit morphological analyses to better understand percomorph relationships. Most of these higher-level molecular studies have recovered the traditionally recognized assemblage under investigation as monophyletic; however, notable exceptions include Perciformes (Chen et al., 2003; Miya et al., 2003; Smith and Wheeler, 2006) , Scorpaeniformes (Smith and Wheeler, 2004) , Labroidei (Streelman and Karl, 1997; Sparks and Smith, 2004b; Westneat and Alfaro, 2005) , and Percoidei (Chen et al., 2003; Lecointre, 2004, 2005; Wheeler, 2004, 2006) . Although valuable, those studies that have resulted in para-or polyphyletic assemblages have only included enough taxa to highlight the inadequacy of the current classification; they have not included sufficient taxon sampling to resolve the placement of the problematic taxa.
''The percomorph problem''.-It is clear that the difficulty surrounding the resolution of Nelson's (1989) percomorph bush revolves around two issues: inadequate taxon sampling and dogmatic thinking. As Patterson noted in the foreword to Rosen and Patterson (1990: 2), Rosen believed that studies of percomorph groups ''tended to be too narrowly focused in their view of a problem and not ready enough to cast the net of investigation more widely.'' Unfortunately, these narrow limits were usually borne out of necessity. It is time consuming and difficult to examine and individuate homologous morphological characters across a diversity of teleostean exemplars. Despite this complexity, it is surprising that no studies have ever broadly examined Percomorpha with multiple character systems, given that other large teleostean assemblages have been explicitly examined (e.g., Fink and Fink, 1981; Johnson and Patterson, 1996) .
When Rosen (1973:508) identified the Percomorpha, he was unable to diagnose it. Rosen noted that the existing percomorph taxonomy consisted of ''grade classifications adopted as temporary expedients.'' He continued that the relationships within this assemblage would never be resolved ''unless we are prepared also to adopt an uncompromisingly cladistic approach''. Following Rosen (1973) , there have been numerous studies of smaller percomorph groups or single character complexes across the Percomorpha (reviewed in Johnson [1993] and Stiassny et al. [2004] ). Unfortunately, there have not been any explicit, ''uncompromisingly cladistic'' studies of this entire group that drew upon multiple character systems; therefore, we still retain the historic grade classifications within Percomorpha. The only morphological study to look broadly at the Percomorpha was Johnson and Patterson (1993) . These authors were finally able to provide synapomorphies for the Percomorpha, but only after removing the Polymixiiformes, Lampriformes, Zeiformes, Beryciformes, and Stephanoberyciformes and including the Atherinomorpha. However, unlike Rosen's ''uncompromisingly cladistic approach,' ' Johnson and Patterson (1993:555) chose to analyze a restricted number of characters. They argued, ''any tree can be justified by special pleading, by insisting that certain characters are uniquely derived but others are more labile or plastic . . . [they are convinced that] very few of the characters found among percomorphs and their relatives are uniquely derived, and progress will not be made without some special pleading.'' This ''special pleading'' obviously introduces bias into the results (Fink, 1985) , and it makes it difficult to avoid dogmatic thinking. Only recently have molecular studies been able to broadly examine percomorph relationships. Beginning with Miya et al. (2001) , and continuing with Chen et al. (2003) , Lecointre (2004, 2005) , Miya et al. (2003 Miya et al. ( , 2005 , and Wheeler (2004, 2006) , molecular studies have begun to look broadly at the limits and relationships of the Percomorpha. The results of these large-scale studies have highlighted numerous problems with the current taxonomy, but they lacked sufficient sampling to resolve the vast majority of outstanding phylogenetic questions within the Percomorpha. We believe that the lack of progress on the percomorph problem stems more from the inappropriate approaches (molecular or morphological) used to examine its intrarelationships than any inherent difficulties with the group itself. We believe that Rosen was correct that only an ''uncompromisingly cladistic approach'' that ''casts the net of investigation widely'' will provide resolution of the percomorph problem, generally, and the interrelationships of its constituent families.
For this study, we have taken Rosen's advice for broad taxonomic sampling during this more thorough examination of the interrelationships of Percidae and Serranidae. Our previous analyses (Smith and Wheeler, 2004; Craig, 2005; Smith, 2005) suggested that serranids and ''scorpaeniforms'' were not monophyletic and that these two assemblages shared a complicated evolutionary history with each other (also see Imamura and Yabe, 2002) and several other percomorph groups. In particular, it was clear from Smith and Wheeler (2004) that one other percoid family, Percidae, was also involved, so we expanded the taxon sampling to more thoroughly examine its placement as well. Therefore, the interrelationships of the serranids and percids are being examined together in this study because of their separation from all other percoids and, more importantly, their recurrent placement among the so-called mail-cheeked fishes and allies in our preliminary studies and several recent molecular studies (Chen et al., 2003; Dettai and Lecointre, 2004; Smith and Wheeler, 2006) . Below, we will briefly review the relevant phylogenetic history of both of these families and provide references for those interested in more detailed information on their intrarelationships.
Serranid relationships.-The intrarelationships of Serranidae have received substantial attention from morphologists. In the early 20th century, serranids served as the ''wastebasket'' for generalized perciform fishes. The number of families into which this diversity of fishes were classified ranged anywhere from one (McCully, 1961) to ten (Jordan, 1923) . In 1966, this situation changed dramatically with Gosline's critical review of the serranids and ''lower'' percoids. Gosline restricted the composition of Serranidae (and its ''offshoot'' Grammistidae) to a subset of the former assemblage that shared a third opercular spine. Gosline (1966) noted that this feature was also found in Niphon spinosus. Despite some overall similarities, he excluded Niphon from his Serranidae-Grammistidae on the basis of differences in several morphological features. Thus, Gosline retained a Serranidae-Grammistidae composed of three ''groupings'' that largely correlated with the historical Anthiinae, Epinephelinae (including ''Grammistidae''), and Serraninae (c.f. Jordan and Eigenmann, 1890; Smith, 1965) . Subsequent to Gosline (1966) , Smith and Atz (1969) , Randall et al. (1971) , and Kendall (1976) disagreed over the classification of several genera, primarily Pseudogramma, on the basis of gonad morphology, presence/absence of the skin toxin grammistin, and configuration of the supraneurals. Kendall (1976) specifically argued that four serranid subfamilies should be recognized, thus relegating the former grammistids (Grammistes, Liopropoma, Pseudogramma, Rainfordia, and Rypticus) to the serranid subfamily Grammistinae. Johnson (1983) revisited serranid monophyly and intrarelationships. He diagnosed the family on the basis of three reductive specializations (absence of posterior uroneural, procurrent spur, and third preural radial cartilage) and the third opercular spine highlighted by Gosline (1966) . Johnson (1983) retained the Anthiinae and Serraninae of Gosline (1966) , but he made several changes to the taxonomy of the Epinephelinae, including the incorporation of Kendall's (1976) grammistines and the enigmatic Niphon spinosus. The evidence for epinepheline monophyly and the incorporation of Niphon into the subfamily was drawn principally from their shared modification of a first dorsal-fin pterygiophore that lacks an autogenous distal element (Johnson, 1983: fig. 7 ). Since Johnson (1983) , the composition of Serranidae and its subfamilies has remained essentially unchanged.
Subsequent to Johnson (1983) , many morphological studies have focused on the limits and relationships of the three serranid subfamilies (Meisler, 1987; Baldwin, 1990; Baldwin and Johnson, 1993) . Several recent molecular studies have also examined serranid subfamilial intrarelationships (Craig et al., 2001; Pondella et al., 2003; Craig and Hastings, in press ); a comparison of the results of serranid morphological and molecular studies suggests considerable areas of agreement (e.g., a close relationship between the soapfishes [Grammistini and Diploprionini] and the liopropomins) and disagreement (e.g., relationships of Cephalopholis [5 Gracila] albomarginata). Despite numerous studies examining serranid intrarelationships, comparatively little attention has been given to the phylogenetic placement of Serranidae in Percomorpha since the dramatic restriction of the family by Gosline (1966) . However, one recent study (Imamura and Yabe, 2002) has suggested a novel relationship between serranids and scorpionfishes (broadly defined) in a new perciform suborder, Scorpaenoidei, based on the shared presence of a backwardly directed opercular spine that extends beyond the subopercle and an adductor dorsalis (see also Smith and Wheeler, 2004; Smith, 2005) . Neither large-scale (Chen et al., 2003; Lecointre, 2004, 2005; Smith and Wheeler, 2006) nor focused molecular studies (Smith and Wheeler, 2004; Craig and Hastings, in press ) have broadly sampled serranids in the context of resolving their interrelationships, but they have provided some agreement with Imamura and Yabe's (2002) Scorpaenoidei hypothesis. Furthermore, these molecular studies have not only challenged a percoid placement for Serranidae, but they have also refuted its monophyly, suggesting a variety of serranid sister-groups ranging from trachinids to lampriforms. Clearly, the limits and relationships of serranid fishes remain unsettled.
Percid relationships.-The intrarelationships of Percidae have been examined using both phenotypic (Page, 1985; Wiley, 1992) and genotypic data (Near, 2000; Sloss et al., 2004) . Despite a wealth of information regarding percid intrarelationships, morphological hypotheses for their interrelationships have remained surprisingly limited. The most explicit statement comes from an abstract (McCully, 1962) that suggested that although percid scales share some similarities to Niphon, Stereolepis, Centrogenys, and Doderleinia, a moronid sister group was preferred. Unfortunately, this reference does not provide the evidential basis for these hypotheses. The most recent review and molecular phylogeny of percids (Sloss et al., 2004) does not discuss percid interrelationships; instead, this analysis included only a centrarchid, lutjanid, moronid, and sciaenid as outgroups without justification or discussion.
Molecular data (Chen et al., 2003; Lecointre, 2004, 2005; Wheeler, 2004, 2006) have begun to weigh in on percid interrelationships with surprising results. These molecular phylogenies have not agreed entirely on the sister-group itself, but the results of all explicit studies clearly indicate a non-percoid sister-group for the Percidae, an ironic and troubling result for the prevailing taxonomy. Chen et al. (2003) and Lecointre (2004, 2005 ) recovered a notothenioid sistergroup for Percidae, whereas Wheeler (2004, 2006) have suggested potential relationships with various scorpaenoid groups. Given these non-percoid sister-group hypotheses for Percidae, it is clear that broad taxonomic sampling from across Percomorpha will be necessary to adequately resolve percid interrelationships.
Given the lack of morphological or molecular evidence for the placement of Serranidae and Percidae with other so-called ''lower'' percoids and their apparent close relationship to each other and mail-cheeked fishes and their allies, we present the results of a molecular analysis designed specifically to address the limits and relationships of these two important ''percoid'' families. Our analysis includes representatives from all major lineages within these two families as well as all groups previously conjectured to be related to these families in the extensive morphological studies of Katayama (1959) , Gosline (1966) , Johnson (1983) , the character surveys of Freihofer (1963) , Mooi and Gill (1995) , and Springer and Orrell (2004) , and the molecular studies of Chen et al. (2003) , Lecointre (2004, 2005) , and Wheeler (2004, 2006) . Furthermore, we have included scores of additional percomorphs to ensure that Rosen's net is cast sufficiently wide to resolve the placement of these families. The resulting hypothesis of relationships is based upon the simultaneous analysis of nucleotide characters from three mitochondrial loci: the small ribosomal subunit (12S), the complete tRNA-Val, and the large ribosomal subunit (16S), and two nuclear loci: the large ribosomal subunit (28S) and histone H3. The objectives of this study are to use these nucleotide characters to test the monophyly of Serranidae and Percidae, hypothesize the interrelationships (i.e., sister groups) for both of these families or their constituent clades if polyphyletic, and make the necessary taxonomic changes to reflect a monophyletic classification.
MATERIALS AND METHODS
Taxon sampling.-The phylogenetic analysis was rooted using Beryx splendens. Beryciforms have been recovered consistently as the sister-group to Percomorpha (Johnson and Patterson, 1993; Smith and Wheeler, 2006) . The 180 taxa sequenced in this study include representatives of all major serranid, percid, and ''scorpaeniform'' lineages. Furthermore, we have included (Table 1 ) a broad diversity of perciform, primarily percoid, taxa that have previously been suggested to be possible allies with Percidae and Serranidae in recent molecular and morphological studies. In total, 93 families, 25 suborders, and six acanthomorph orders were sampled following the classification of Nelson (2006) .
Acquisition of nucleotide sequences.-Fish tissues were preserved in either a 5X net solution (Craig et al., 2001) , 70-95% ethanol, or stored frozen at 270 C prior to extraction of DNA. Nuclear and mitochondrial DNA was extracted from muscle or fin clips using a DNeasy Tissue Extraction Kit (Qiagen). The polymerase chain reaction (PCR) was used to amplify four segments, representing five loci. Double-stranded amplifications were performed in a 25-mL volume containing either one Ready-To-Go PCR bead (GE Healthcare), 1.25 mL (10 pmol) of each primer, and 2-5 mL of DNA or RedTaq Readymix (Sigma-Aldrich) with the addition of 10 pmol of each primer and 5-50 ng of DNA.
We used the following primer pairs for DNA amplification and sequencing (primer sequences can be found in Smith and Wheeler, 2004) : 12SL13-L and TitusI-H (12S, tRNA-Val, 16S fragment); 16S ar-L and 16S br-H (remaining 16S fragment); 28SV and 28SJJ (28S large ribosomal subunit fragment); H3a-L and H3b-H 5 (histone H3 fragment). Amplifications for all fragments were carried out in 30-40 cycles using the following temperature profile: initial denaturation for 6 min at 94 C, denaturation for 30-60 sec at 94 C, annealing for 30-60 sec at 45-55 C, and extension for 1-2 min at 72 C, with an additional terminal extension at 72 C for 6 min. The double-stranded amplification products were desalted and concentrated using an ArrayIt PCR Product Purification Kit (TeleChem International Inc.) on a Beckman BIOMEK 2000 laboratory automated pipetting workstation with minor modifications to the manufacturer's protocol or using AMPure (Agencourt Biosciences). Both strands of the purified PCR fragments were used as templates and directly cycle-sequenced using the original amplification primers and a Prism Dye Terminator Reaction Kit Version 1.1 (Applied Biosystems) or an ET Terminator Kit (GE Healthcare) with minor modifications to the manufacturer's protocols. The sequencing reactions were cleaned and desalted using standard isopropanol-ethanol precipitation or using cleanSEQ (Agencourt Biosciences). The nucleotides were sequenced on an ABI 3700, ABI3730XL, or a Megabace 500 automated DNA sequencer. Contigs were built in Sequencher (Gene Codes) using DNA sequences from the complementary heavy and light strands. Sequences were edited in Sequencher and Bioedit (Hall, 1999) . All novel sequences (Table 1) were submitted to GenBank and assigned accession numbers EF120786-EF120974.
Phylogenetic analyses.-A total of 4036 base pairs (as inferred from the resulting implied alignment; Wheeler, 2003a ) from the five loci were simultaneously analyzed under the optimality criterion of parsimony with equal weights (i.e., insertions, deletions, transitions, and transversions all given a weight of one). The parsimony analysis was conducted using direct optimization (Wheeler, 1996) and iterative pass (Wheeler, 2003b) Because of the large size of the data set, an extensive and thorough search strategy was necessary (Faivovich et al., 2005) . The 180-terminal analysis began by generating three random addition sequences (RAS) with subtree pruning and regrafting (SPR) branch swapping. This procedure was repeated 100 times. The results of these 100 analyses (consisting of a total of 300 RAS with SPR branch swapping) were used to make an 85% majority-rule consensus tree. This 85% majority-rule tree was used to quickly estimate the groups present in the consensus of large data sets (Goloboff and Farris, 2001 ). The idea behind this ''quick consensus'' is that groups that were consistently recovered in these rapid analyses were likely to be retained in subsequent analyses. The quickconsensus tree was then submitted to jack2hen (Farris, 1973 ). The resulting matrix was then submitted to POY as a constraint file such that all nodes present in the 85% majority-rule consensus tree were constrained (i.e., assumed to be correct and not swapped) for the next round in the analyses to greatly speed up the searches. This next round in the analysis consisted of ten independent runs that each had 50 RAS, 50 TBR-ratchet replicates (Nixon, 1999) , tree fusing (Goloboff, 1999) , and TBR branch swapping. The best trees resulting from these ten constrained runs were then submitted to POY, without the constraint file (so that all braches were free to swap), for TBR branch swapping, 100 TBR-ratchet replicates, and tree fusing. Following the methods in previous studies (Smith and Wheeler, 2004; Smith, 2004a, 2004b) , the single resulting tree from this analysis was submitted to POY for further tree searching using the commands iterative pass (Wheeler, 2003b) and exact , which reduce heuristics. This second step of the analysis began with 20 rounds of TBR ratcheting (ratchetpercent 20, ratchetseverity two or five) followed by tree fusing and TBR branch swapping. This step was repeated five times for a total of 100 rounds of TBR ratcheting with tree fusing. The three unique trees resulting from these five rounds of TBR ratcheting and fusing under iterative pass were submitted to a final round of tree fusing and TBR branch swapping. Following this search, a variety of different methods were employed for ten days in an attempt to continue to find shorter trees using the optimal trees as a starting point (e.g., drifting [Goloboff, 1999] , manual rearrangements, fusing, and TBR branch swapping). None of these methods for breaking islands were successful in reducing tree length further, so the analysis was stopped. The length of the resulting implied alignment (Wheeler, 2003a) 
RESULTS
The combined analysis of the five gene fragments resulted in four equally most parsimonious trees that each had a length of 18,577 steps. The implied alignment of 4,036 base pairs had a consistency index (CI, Kluge and Farris, 1969) of 0.25 and a retention index (RI, Farris, 1989) of 0.47 when uninformative characters were retained. The resulting strict-consensus cladogram is split between Figures 1 and 2 . Most of the 177 nodes remaining in the strict consensus from this analysis were well supported, with 147 nodes (83%) having a Bremer support $ 5 and 107 nodes (60%) having a Bremer support $ 10. Additionally, 158 nodes (89%) were supported by a jackknife value $ 70 and 126 nodes (71%) had a jackknife value $ 95.
Most families that were represented by multiple species were recovered as monophyletic; however, several families were recovered as paraor polyphyletic (Table 1) . These families include: Acropomatidae, Percichthyidae, Polyprionidae, and most importantly Serranidae (species included in the family by Johnson [1983] are underlined in Figure 2 ). The resulting phylogeny suggested that the former Serranidae should be separated into five clades: Epinephelinae (less Niphon spinosus; (Fig. 2) , and Niphon spinosus (Fig. 2) . Therefore, the traditionally recognized serranid subfamilies were generally recovered, despite the polyphyly of Serranidae. The least inclusive clade that includes all former serranid taxa also involves the traditional Bembropidae, Gasterosteoidei, Notothenioidei, Percidae, Scorpaeniformes (less Dactylopteridae), Trachinidae, and Zoarcoidei, so it is clear that taxonomic changes among the groupers and seabasses are necessary. The percids, on the other hand, were recovered as monophyletic and sister to a clade composed of Niphon spinosus, Acanthistius ocellatus, Bembropidae, and the traditional Notothenioidei. As was recovered in prior molecular studies, the included constituents of this clade were deeply nested within an assemblage composed primarily of mail-cheeked fishes, so it is also clear that significant restructuring of perciform taxonomy is warranted.
DISCUSSION
This study was designed specifically to look at the limits and relationships of so-called ''lower'' percoids, in particular, the placement of Serra-nidae and Percidae. Our results corroborate the widespread idea that Percoidei is polyphyletic (Johnson, 1984) . However, they also clearly refute the common belief (Nelson, 2006:341) that Percoidei represents ''the basal evolutionary group from which the other perciform groups and the remaining two orders [Pleuronectiformes and Tetraodontiformes] have been de- Fig. 1 . Part I of the strict consensus of four equally most parsimonious trees recovered (tree length 18,577 steps) by direct optimization of the data set composed of 4,036 aligned base pairs. Numbers on branches represent Bremer support (above) and jackknife resampling values $ 50% (below). An ''*'' represents a jackknife resampling value of 95% or higher. rived.'' In our results, the various percoid lineages were distributed throughout the various perciform, pleuronectiform, and tetraodontiform clades, but there were also representatives found among the traditional Atheriniformes, Gasterosteiformes, and Scorpaeniformes. Therefore, Nelson's (2006) retention of a narrowly defined Percomorpha, despite all evidence to the contrary (Johnson and Patterson, 1993; Miya et al., 2003; Smith and Wheeler, 2004) , must be expanded or significantly restructured to maintain any semblance of a cladistic classification.
The results clearly illustrate that it is time to stop viewing percomorph assemblages as either pre-perciform (e.g., Gasterosteiformes, Scorpaeniformes) or post-perciform (e.g., Tetraodontiformes, Pleuronectiformes). This study and many others (Chen et al., 2003; Miya et al., 2005; Smith and Wheeler, 2006) highlight that there is no phylogenetic difference between the Percoidei, Perciformes, and Percomorpha (sensu Johnson and Patterson, 1993) because ''percoids'' are spread throughout the entire Percomorpha.
We assign ranks to all novel or revised names in accordance with the International Code of Zoological Nomenclature; however, individual researchers are welcome to apply these names at the assigned rank or without ranks according to their own nomenclatural orientation. For researchers who prefer an unranked taxonomy, node-based definitions are also provided.
Limits and relationships of ''serranid'' fishes.-As noted above, the relationships resolved in our analysis did not recover a monophyletic Serranidae or a placement of Niphon spinosus or Acanthistius with any of the three ''serranid'' subfamilies. Therefore, we recommend several taxonomic changes for the former Serranidae, and we provide morphological features to diagnose the various clades that we recognize formally in the revised classification.
The first change that we recommend is elevating the groupers to familial status. This elevated Epinephelidae (Fig. 2: clade A; clade stemming from the most recent common ancestor [MRCA] of Diploprion, Epinephelus, Grammistes, and Liopropoma) now comprises all epinepheline genera noted in Baldwin and Johnson (1993) except Niphon, which we have shown herein and elsewhere (Craig, 2005; Smith, 2005; Craig and Hastings, in press) to be distantly related to the groupers. The monophyly of this revised Epinephelidae is also supported by one morphological character noted by Baldwin and Johnson (1993) : the spine serially associated with the first dorsalfin pterygiophore in larval epinephelids is elongate and encased in a fleshy sheath. Baldwin and Johnson (1993) used two additional features involving the spine(s) associated with first dorsalfin pterygiophore and supraneurals to diagnose this clade. These two features, in the absence of a Niphon sister group and a polyphyletic Serranidae, do not optimize on this node due to their widespread distribution among closely allied ''scorpaenoids'' (Ishida, 1994; Imamura, 1996; Smith, 2005) . This clade would also be diagnosed by the presence of three opercular spines (Gosline, 1966; Johnson, 1983) .
The bulk of the remaining ''serranids'' (Anthiinae and Serraninae less Acanthistius) remain in a restricted Serranidae (Fig. 2: clade B; clade stemming from the MRCA of Anthias, Plectranthias, Serranus, and Trachinus). Among taxa classified in the Serranidae by Johnson (1983) , the Anthiinae and Serraninae can be united, to the exclusion of all other ''serranids'' and ''scorpaeniforms,'' by ramus lateralis accessorius (RLA) pattern nine (Freihofer, 1963) and group-III scales (McCully, 1961) . Furthermore, recent work on gonad morphology among ''serranids'' supports the close relationship between anthiines and serranines and the separation of these groups from the epinephelids (P. Hastings, B. Erisman, and M. Craig, unpubl. data) . To this revised Serranidae we add Trachinus and Echiinichthys. As noted by Johnson (1983) , the weeverfishes share all of his ''serranid'' synapomorphies. Johnson (1983) chose to exclude trachinids from the serranids at that time, but he suggested that they might be closely related. Given that the three reductive features Johnson (1983) used to diagnose the former Serranidae are found among a diversity of scorpaenoids, these cannot be used to diagnose this restricted Serranidae (Shinohara, 1994; Imamura, 1996; Smith, 2005) . However, this revised Serranidae can be diagnosed by the presence of three opercular spines and group-III scale morphology.
Within this revised Serranidae, we recommend the recognition of three subfamilies: Trachininae (5 former Trachinidae), Anthiinae (5 former Anthiinae less Zalanthias kelloggi and Acanthistius), and Serraninae (5 former Serraninae including Zalanthias kelloggi). Trachininae (clade stemming from the MRCA of Trachinus and Echiinichthys) can be diagnosed by several features, but most notably by its elongate opercular spine and associated venom gland . The monophyly of Anthiinae (Fig. 2: clade D; clade stemming from the MRCA of Anthias, Hemanthias, Plectranthias, and Pseudanthias) has not been examined in detail, but Baldwin (1990) suggested that the absence of a toothplate on epibranchial two might unite this clade. She reported that this feature was not found in her examined epinephelid and serranin taxa. Smith (2005) reported that his examined trachinins and platycephalids have a toothplate on epibranchial two, so there is corroborative evidence that this feature diagnoses Anthiinae in light of our resulting phylogenetic hypothesis. Additionally, Anderson et al. (1990) suggested that the presence of 26 vertebrae might diagnose the Anthiinae. Finally, the evidence for the monophyly of Serraninae (Fig. 2: clade C; clade stemming from the MRCA of Centropristis, Chelidoperca, Diplectrum, and Serranus) was provided by Meisler (1987) who diagnosed this clade by the loss of the supramaxillae and the lateral position of the second infraorbital with respect to the posterior portion of the lachrymal. The absence of supramaxillae is shared with trachinins, platycephalids, and scorpaenoids (Imamura, 1996; Smith, 2005) , so it cannot be used to unite the Serraninae; however, its presence in Epinephelidae and most anthiines may provide additional support for the monophyly of those two clades.
As noted above, we have placed Zalanthias kelloggi (formerly in Plectranthias) in Serraninae, which was previously suggested by McCully (1961) who placed his Zalanthias azumanus (a junior synonym of Z. kelloggi) into Anthiinae based on Zalanthias sharing a derived scale morphology with other anthiines. This addition of Z. kelloggi is the only alteration to Serraninae that we propose. It is also noteworthy that McCully (1961) also suggested that Caprodon should be moved to Serraninae on the basis of scale morphology. Therefore, we retain its current placement in Anthiinae, but the possibility that it belongs with the serranins demands further study. Although not identical in taxon sampling, the relationships recovered by both Meisler (1987) and Pondella et al. (2003) are largely congruent with the relationships that we recovered within Serraninae. A revised placement for the historically problematic Acanthistius and Niphon will be discussed below in the context of a revised Percoidei.
Limits and relationships of Percidae.-As noted above, Percidae (Fig. 2: clade G; clade stemming from the MRCA of Etheostoma, Perca, and Sander) was recovered as monophyletic in our analyses. Our results are congruent with the hypothesis presented by Page (1985) and corroborate those of Wiley (1992) . Our results differed from Collette and Banarescu (1977) ; they suggested a more terminal placement for Perca and a closer relationship between Sander and Zingel. Our results differed from those of Song et al. (1998) and Near (2000) in that we recovered pectinate relationships for Perca, Sander, and Zingel leading toward the Etheostomatinae, whereas the results of these other studies recovered all non-etheostomatine percids as a clade. Similarly, our pectinate relationships among the non-etheostomatine percids differed from the trees presented by Sloss et al. (2004) . Essentially, all studies have recovered a monophyletic Etheostomatinae, but relationships among the various genera remain controversial.
As noted above, the interrelationships of the percids have not been the focus of any morphological cladistic investigation. Most previous studies have compared percids to other North American freshwater groups (e.g., centrarchids, moronids). McCully (1962) made the most specific comments on percid interrelationships, but he did not provide the evidence in support of these comments. Wiley (1992) made the most explicit statements of percid monophyly, offering two potential synapomorphies for Percidae: reduction in the number of supraneurals and two anal spines. He did not propose a specific sistergroup in his analysis. In the only study to combine morphological and molecular data on percid interrelationships (in the context of mailcheeked fish relationships), Smith (2005) diagnosed the Percidae by the transformation from three to two anal spines. Smith (2005) recovered a clade composed of the enigmatic ''serranids,'' Acanthistius and Niphon, sister to Percidae.
Molecular studies of percids have never thoroughly examined percid interrelationships, so most information on their likely relatives has been derived from higher-level acanthomorph studies. The first study to examine percid interrelationships, in the context of Gnathostomata, was Le et al. (1993) , who recovered a triglid-percid sister group (also recovered in Holcroft's [2004] tetraodontiform study). Chen et al. (2003) and Lecointre (2004, 2005) have consistently recovered notothenioids as the sister-group of the percids. Wheeler (2004, 2006) recovered a large clade of scorpionfishes and Acanthistius, when included, sister to the Percidae. Finally, Craig and Hastings (in press) recovered the putative grouper Niphon spinosus as the sister-group of Perca. As noted above, our results recovered a clade sister to Percidae that not only included the notothenioids (as suggested first by Chen et al. [2003] ), but also the Bembropidae (allied with the notothenioids in Smith [2005] and Smith and Wheeler [2006] ) and the enigmatic ''serranids'' Acanthistius and Niphon (as suggested in all studies that included these taxa [i.e., Craig, 2005; Smith, 2005; Smith and Wheeler, 2006] ). Given the consistent recovery of the constituent members of this clade in all previous analyses and the presence of several diagnostic morphological features, we believe that there is more than sufficient evidence to make the necessary changes to the taxonomy of Percoidei and Perciformes that we recommend below. least some traditional trachinoid groups (e.g., Cheimarrichthyidae, Leptoscopidae, Pinguipedidae) are relatively closely related to Morone.
Outgroup relationships.-Now that we have restricted Percoidei to a monophyletic assemblage, more attention needs to be focused on the interand intrarelationships of moronoid taxa. The revised Moronoidei, like its percoid predecessor, is still a demonstrably polyphyletic assemblage.
Our results suggest several interesting relationships for moronoid groups traditionally allied with serranid fishes (Fig. 1) . In many cases, the results complicate our understanding of the former ''lower percoids'' because several families were recovered as polyphyletic, but there are notable results that are congruent with traditional hypotheses. Our results corroborate the widespread, but unsubstantiated, view that the ''triple-fins'' (Lobotidae: Datnioides and Lobotes) form a clade, distinct from any ''serranid'' or other moronoid clade. Our results suggest that this family should be recognized and that these taxa may be closely related to Morone. Additionally, the analyses of our data support the proposition of Heemstra and Hecht (1986) that the dinopercids (Centrarchops and Dinoperca) are monophyletic, distinct, and unrelated to ''serranid'' fishes.
In addition to these findings that corroborate recent morphological hypotheses, our results are at odds with recent hypotheses for several moronoid groups that have been historically allied with the serranid fishes. In particular, we will discuss our relationships for the moronids, polyprionids, percichthyids, and the so-called ''pseudochromoids'' in the context of recent molecular and morphological studies.
As has been recovered in some previous analyses (Orrell and Carpenter, 2004) , we have a separation of Morone from Lateolabrax. However, other large-scale molecular analyses (Dettai and Lecointre, 2005) that have included multiple moronid genera (i.e., Dicentrarchus and Lateolabrax) have recovered moronids as a clade. To date, there have not been any large-scale molecular percomorph studies that have included all moronid genera. Our results contradict some previous morphological studies (Waldman, 1986 ), but are not inconsistent with the treatment of Lateolabrax as a distinct family by Springer and Johnson (2004) . Similarly, we resolved the Polyprionidae (Stereolepis and Polyprion) as polyphyletic. The limits and relationships of the Polyprionidae have not been studied in detail, so additional study is needed; however, our results suggest that their previous grouping with some of the ''oceanic percichthyids'' (e.g., Howella) may have merit. Additionally, the more restrictive Percichthyidae (sensu Nelson, 2006) remains polyphyletic. First, the oceanic Howella is widely separated from the freshwater ''percichthyids;'' instead, Howella was recovered sister to Lateolabrax and closely allied to the deepwater epigonids. In addition to the separation of Howella from the freshwater percichthyids, we also recovered a polyphyletic Australian Percichthyidae. Our results separate the Nannoperca-Gadopsis group from the Bostockia group from the Macquaria group. Although not monophyletic, the Macquaria, Gadopsis, and Nannoperca percichthyids were recovered in a clade along with the freshwater percoids Siniperca and Centrarchidae as well as the marine ''non-cirrhitid Cirrhitoidea.'' This percichthyid-centrarchid relationship was also suggested by McCully (1962) and Chang (1988) on morphological grounds.
Our final classical ''serranid'' assemblage that we will discuss is the so-called ''disjunct lateralline serranoids'' (Bö hlke, 1960) or ''pseudochromoids' ' (Leis and Carson-Ewart, 2000) . Much has been written about this assemblage of fishes, noting that they are the only percoids that have adhesive eggs with chorionic filaments (Johnson, 1984; Mooi et al., 1990) , which has been the primary evidence for uniting them. This study, like Wheeler (2004, 2006) , recovered these ''pseudochromoid'' taxa with blennioids, cichlids, pholidichthyids, and atheriniforms. As noted by Smith and Wheeler (2004) , this historically diverse group, taxonomically speaking, is united by this unusual egg characteristic that they also share (at least superficially) with apogonids, gobiesocids, gobioids, kurtids, and pomacentrids. Furthermore, Springer and Orrell (2004) recovered many of these groups in their ''Clade A.'' It is clear that there is mounting morphological and molecular evidence to suggest that these groups that have been spread across several orders and perciform suborders may actually be closely related.
Finally, given the placement of the former serranid fishes among various mail-cheeked fish clades, we follow Imamura and Yabe (2002) in classifying the revised Serranidae and Epinephelidae in the Scorpaenoidei. In many respects, our resulting mail-cheeked fish phylogeny matches previously published molecular studies Wheeler, 2004, 2006) ; however, there are some areas of disagreement. The largest differences between our results and the results of Smith and Wheeler (2004) stem from the incorporation of the former serranid fishes within the mail-cheeked fishes (Smith and Wheeler, 2004: clade S) and the interrelationships of the Bembridae, Congiopodidae, Neose-bastidae, Percidae, and Plectrogeniidae. These changes appear to be due to the incorporation of additional serranid and epinephelid taxa because our results are more similar to Smith and Wheeler (2006) , which had a substantially larger sampling of serranid and percid fishes.
In this study, we have built upon recent largescale molecular analyses (Dettai and Lecointre, 2004; Miya et al., 2005; Smith and Wheeler, 2006) and focused studies on the ''serranids'' and ''scorpaeniforms'' (Smith and Wheeler, 2004; Craig, 2005; Smith, 2005; Craig and Hastings, in press ) to resolve the placement of the former serranid and percid fishes. By sampling broadly across Percomorpha, the ''serranids,'' and Percidae, we have provided strong evidence that these two classic ''percoid'' families are separated from most ''percoid'' taxa and actually belong among the mail-cheeked fishes and their allies. We make taxonomic changes to the Perciformes, Percoidei, Trachinoidei, and Serranidae, we resurrect the Epinephelidae and Niphonidae, and we create a new group, the Moronoidei, to reflect our recovered relationships. We provide corroborative morphological evidence or highlight studies that provide corroborative morphological evidence to support the taxonomic changes that we recommend. In doing this, we have followed the lead of other studies (Gosline, 1966; Rosen, 1973; Johnson, 1984) by identifying and naming acanthopterygian clades in hopes that it will encourage others to take Rosen's ''uncompromisingly cladistic approach'' to resolve percomorph relationships.
